often have a residual body whereas schizonts of conventional 4. Dubey JP, Slife LN: 1990 , Fatal encephalitis in a dog associated Sarcocystis species lack a residual body, at least at the light with an unidentified coccidian parasite. J Vet Diagn Invest 2: microscopic level. 7 In this respect, S. canis resembles a group 233-236. of apicomplexan coccidians associated with encephalomyeli- 4 At necropsy, the abdominal adipose tissues were red and more voluminous than usual. Portions of the lung, kidney, skeletal muscle, liver, mesenteric lymph nodes, heart, spleen, adrenal, and abdominal adipose tissue were fixed in 10% buffered neutral formalin. Paraffin-embedded sections were cut 4-6 µm thick, stained with hematoxylin and eosin (HE) or periodic acid-Schiff (PAS) hematoxylin, and examined microscopically. Thirteen years later, paraffin-embedded sections of adipose tissue were reacted with Toxoplasma gondii antiserum and Neospora caninum antiserum. 3 For ultrastructural studies, formalin-fixed tissue was processed for transmission electron microscopy.
Microscopically, the primary lesion was steatitis characterized by necrosis of adipose tissue, infiltration of neutrophils, and mononuclear cells. Numerous protozoa1 schizonts were seen in adipose cells (Fig. 1 ). The parasite divided by schizogony. Immature schizonts were oval to elliptical (25-45 x 15-30 µm; n = 4) and contained numerous nuclei ( Received for publication October 26, 1990.
2). The nuclei were located mostly at the periphery of the schizont with fewer numbers in the center of the schizont. There were "empty spaces" between peripherally and centrally located nuclei ( Fig. 2 ). Mature schizonts contained up to 100 merozoites. The schizont membrane was <0.5 µm thick and rarely visible. Sometimes flattened host cells surrounded the schizont, giving a false impression of a cyst wall ( Fig. 3) .
The nucleus of the merozoite was located centrally, and its chromatin was dispersed and without a distinct nucleolus (Figs. 4, 5). The merozoite ends were often round. One or 2 residual bodies (8-15 x 10-12 µm; n = 4) were present in schizonts (Figs. 3-5). The residual bodies stained lighter than the merozoites and host cells. Several schizonts had ruptured and the released merozoites were lined at the periphery of large adipose cells (clear spaces in paraffin-embedded sections). Mature schizonts were 50 x 27 µm (20-75 x 10-45 µm; n = 10).
Immature schizonts stained intensely with PAS reagents. The PAS reactivity was probably caused by amylopectin in the cytoplasm of immature schizonts because nuclei were PAS negative. Mature schizonts including the residual bodies were generally PAS negative except for a few small (<0.5 µm) granules in merozoites. However, a few degenerated mature schizonts were PAS positive.
Ultrastructurally, merozoites contained less than 6 rhoptries, a conoid, and hundreds of micronemes (Fig. 5 ). The micronemes were located throughout the merozoite except dominal hemal lymph nodes had a few foci of necrosis but for the nuclear region. The existence of a parasitophorous parasites were not seen even though the nodes were survacuole could not be established because of poor fixation.
rounded by parasitized adipose tissue. The parasite did not Parasites were found only in the adipose cells. The abreact with N. caninum and T. gondii antisera. The parasite was neither T. gondii nor N. caninum because multinucleated schizonts and the formation of merozoites it divided by schizogony (division of nucleus into many nuwith large residual bodies in the protozoon in red kangaroo clei), whereas T. gondii and N. caninum divide into 2 zoites are similar to that of eimerian parasites in the intestines of by endodyogeny. 1 Although the parasite was mistaken for animals. However, none of the Eimeria apparently parasitize Sarcocystis, 4 the presence of rhoptries in merozoites indiadipose tissue. cated that it was not a Sarcocystis (merozoites in Sarcocystis ß-mannosidosis is an inherited autosomal recessive disorder of glycoprotein catabolism with a deficiency of tissue and plasma ß-mannosidase activity 10 and tissue accumulation of oligosaccharide substrates for ß-mannosidase. 11 This genetic disorder was identified initially in Nubian goat kids 5,9 but has since been documented in human patients. 16 The disease has also been recently reported in Salers calves, and the clinical signs and lesions, except for those of the eye and ear, have been described. 1, 4, 8, 12 The objective of this study was to characterize the ocular and otic lesions of bovine ß-mannosidosis.
The subjects of this study were 7 newborn affected Salers calves and control calves of other breeds. The diagnosis of ß-mannosidosis was confirmed in Salers calves by the measurement of plasma activity of ß-mannosidase and by the detection of accumulated tissue oligosaccharides. 1, 10, 11 All affected calves died or were euthanized within 24 hours after birth; 2 of the calves were systemically perfused with formalin. One newborn affected Salers calf and a normal Salers sibling were given a complete clinical examination, including ophthalmic exam and auditory evoked brain stem potential testing. Measurement of palpebral fissures was made shortly after birth on the same affected calf and on 7 normal Salers calves born on the same day. Globes were obtained from 5 affected calves. Globes were injected with either 10% formalin, Davidson's fixative, or 4% glutaraldehyde, and all globes were submerged in the same fixative. The anteriorposterior axis and vertical axis of each globe, vertical diameter and nasal-temporal diameter of the cornea, and diameter of the optic nerve were recorded. Tissue was pro-From the Animal Health Diagnostic Laboratory (Render) cessed for routine microscopic examination, except that globes fixed in glutaraldehyde were processed for routine transmission electron microscopy. Both external ears, including pinna, external auditory meatus, and tympanic membrane, and both middle ears from 4 affected calves were examined grossly. Temporal bones were collected and the inner ears were examined from the 2 systemically perfused calves. The palpebral fissures were vertically narrowed ( Fig. 1 ). One affected calf had palpebral fissures 0.5 x 2.4 cm (OS) and 0.5 x 2.2 cm (OD). The mean palpebral fissure measurements for 7 unaffected calves were 1.0 x 2.3 cm (OS) and 1.0 x 2.4 cm (OD). The globes of affected calves were normal in size and clinically unremarkable. Microscopically, corneal stromal and endothelial cells, outer and inner epithelial cells of the ciliary body ( Fig. 2A) , cells along the anterior border of the iris, retinal bipolar cells, photoreceptor cells, retinal pigment epithelial cells, glial and vascular cells of the optic nerve, and ocular vascular endothelial cells and fibroblasts throughout the globe were distended with nonstaining spherical intracytoplasmic vacuoles of various sizes. Ultrastructurally, these vacuoles were electron lucent and membrane bound. Axonal spheroids of various sizes were present in the bulbar optic nerve.
In affected calves, the pinnae were directed posteriorly ( Fig.  1 ) and the external auditory canals were slightly narrowed. The tympanic bullae were smaller and an auditory evoked brain stem potential recording had normal peaks delayed by 2 msec. Microscopically and ultrastructurally, vacuoles similar to those within ocular cells were present in epithelial and mesenchymal cells of the tympanic membrane, mucosal and mesenchymal cells of the tympanic bullae, epithelial and mesenchymal cells of Reissner's membrane, mesothelial cells lining the scala tympani, cells of the stria vascularis, numerous supportive cells of the organ of Corti, cochlear hair cells, endothelial cells, perithelial cells, fibroblasts, neurons of the spiral ganglion, and vestibular hair cells (Fig. 2B) .
Salers cattle are a beef breed imported from France that are recognized by their dark red, curly hair coat. Newborn Salers calves with ß-mannosidosis have been reported in Canada, 4 New Zealand, 8 and the United States. 1 Distinctive clinical features include an inability to stand at birth, head tremors, nystagmus, and opisthotonis. Affected calves have been stillborn, and those liveborn often die from either starvation or secondary septicemia. Phenotypically, affected
